Summary
Our Galaxy is typical of the galaxies that dominate star formation in the present Universe. It is a barred spiral galaxy -a still-forming disc surrounds an old and barred spheroid. A massive black hole marks the center of the Galaxy. The (Our) Sun sits far out in the disc and in visible light. Our view of the Galaxy is limited by interstellar dust. Consequently, the large-scale structure of the Galaxy must be inferred from observations made at infrared and radio wavelengths. The central bar and spiral structure in the stellar disc, generate significant non-axisymmetric gravitational forces that make the gas disc and its embedded star formation strongly non-axisymmetric. Molecular hydrogen is more centrally concentrated than atomic hydrogen and much of it is contained in molecular clouds within which stars form. Probably all stars are formed in an association or cluster, and energy released by the more massive stars quickly disperses gas left over from their birth. This dispersal of residual gas usually leads to the dissolution of the association or cluster. The stellar disc can be decomposed to a thin disc, which comprises stars formed over most of the Galaxy's lifetime, and a thick disc, which contains only stars formed in about the Galaxy's first Gigayear. The Galaxy has two distinct populations of globular clusters, and an attendant host of dwarf spheroidal galaxies. Both globular clusters and dwarf spheroidal galaxies give rise to tidal streams. Globular clusters appear to contain no dark matter, while dwarf spheroidal galaxies are dominated by dark matter. Stars account for more than half of the
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gravitational force that holds the Sun in its roughly circular orbit around the galactic center, but the rest is probably attributable to a roughly spherical halo made up of still undiscovered elementary particles.
Introduction
Galaxies vary enormously in size from objects that contain only100000 stars, to ones with hundreds of billions of stars. The smaller galaxies are much more numerous than the larger ones, but not by a sufficient factor to compensate for their lower luminosities. So, most of the luminosity in the Universe is contributed by galaxies that lie just below the top of the scale. The Sun lies in just such a galaxy, the Milky Way galaxy.
Galaxies can usefully be considered to be made up of two components: a spheroid and a disc (Figure 1 ). The spheroid is made up of stars that move around in a disorganized way, rather like a swarm of bees. Its name derives from its only moderately nonspherical shape. The disc is a highly flattened structure in which stars move in nearly circular orbits around the center and never go far from the system's equatorial plane.
The morphological type of a galaxy is determined by the relative contributions of these two components to the system's total luminosity. Early-type galaxies are dominated by their spheroids: in the extreme case of an elliptical galaxy casual inspection reveals only a spheroid, although very precise measurements may reveal a disc deeply buried inside the spheroid. In the case of a very late-type galaxy, there may be no detectable bulge, only a disc.
Besides the relative importance of disc and bulge, early-and late-type galaxies differ in their rates of star formation and the mean age of their stars: early-type galaxies have little or no cold, dense gas from which stars can form, so their rates of star formation are small and nearly all their stars are old. Late-type galaxies possess cold, dense gas so they have on-going star formation and significant populations of young stars. In each batch of freshly formed stars, there will be both massive stars (masses up to 100M , 100 times the mass of the Sun) and low-mass stars(below about 2M ). Massive stars are extremely luminous, blue and short-lived, while low-mass stars are long-lived, red and faint. Consequently, early-type galaxies are red and their brightness distributions are smooth because they are generated by enormous numbers of individually faint stars. Late-type galaxies, by contrast, are blue and their brightness distributions are patchy, because a scattering of extremely luminous stars can make a particular region much more luminous than another of equal size.
The Milky Way is a moderately late-type galaxy in which about 90% of the luminosity is contributed by the disc, while the center of the system is dominated by a spheroid that is often called the bulge-from the outside it would look something like the galaxy shown in the middle panel of Figure 1 . The Sun sits quite near the rim of the luminous part of the disc, so the Galaxy appears as a band of stars across the sky, marking directions in which we see out into the disc (Figure 2 ). The bulge lies in the constellation Sagittarius in the southern sky.
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The distance to the Galactic center is still not precisely known, but the best available value is now 8.3 kiloparsecs, roughly 25000 light years (Gillessen et al.2009) . The disc has a mass 
Recognition of the Size of the Milky Way
Since time immemorial our ancestors have been familiar with the Milky Way as a band of light that stretches right across the sky on a dark night. Galileo first showed that this band is constituted of myriads of faint stars, but it was less than a century ago that, astronomers finally grasped that the Milky Way is a galaxy like those that in the early 19th century had been catalogued in great numbers by the Herschels. Two problems were responsible for the delay in recognizing what the Milky Way really is: the usual difficulty of measuring astronomical distances, and a lack of awareness of the existence of an obscuring interstellar medium.
The central plane of the disc contains most of the Galaxy's supply of cold, star-forming gas. This gas is extremely heavily polluted by eject a from stars: if it were compressed to the density of air (i.e., by a factor 21 10 ) one could see only a few cm through it because light is absorbed by particles of dust (a better name might be smoke) suspended in the gas. Even at the extremely low densities characteristic of interstellar space, we can see only of order a kiloparsec through this gas, which should be compared with the 8.3kpc to the Galactic center. Hence at optical wavelengths we cannot see through the disc to the bulge. This obscuration by dust strongly influenced the growth in our understanding of the Milky Way. In the first decades of the 20th century, before astronomers knew of interstellar dust, it was thought that we lived near the center of a disc of stars that was about 2 kpc in radius. The objects that we now know to be external galaxies were thought to lie within this disc, so the latter was thought to constitute the whole Universe-this world picture is called Kapteyn's Universe after the Dutch astronomer who led an international effort to map it. In the 1920s evidence for obscuration by interstellar dust mounted, and it was demonstrated that external galaxies lie far outside the bounds of Kapteyn's Universe. These two advances made it natural to interpret the Milky Way as an object similar to some external galaxies. The decisive step in this direction was taken in 1927 by another Dutch astronomer, Jan Oort, who interpreted the motions of nearby stars in terms of differential rotation within a disc of stars that is~10 kpc in radius. A global view of the Galaxy was first obtained in the 1950s following the detection of hydrogen at radio frequencies (at a wavelength of 21cm) using technology that had been developed for radar in the Second World War: interstellar gas is almost transparent to radio waves, so by scanning the sky with radio telescopes in the Netherlands and Australia it was possible to study the large-scale structure of the Galactic disc. Normal stars cannot be usefully studied at radio wavelengths, so our first clear view of the Galactic bulge came in 1991 in near-infrared data taken by the COBE/DIRBE satellite. The angular resolution of the COBE/DIRBE
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data was poor ( ) 0.5° and a much sharper image was subsequently obtained from the 2 MASS infrared survey of the sky (Figure 4 ). In this picture one clearly sees the stellar disc and the bulge, and some dark wisps of obscuration by dust, which is very much weaker at near-infrared than at optical wavelengths, but not negligible. 
The Center
A black hole of mass 6 4.4 10 M × sits at the center of the Milky Way (Gillessen et al.2009 ). Weak radio and X-ray radiation emerges from its location, and it takes its name, Sgr A*, from the catalogue entry of the radio source that we now know is associated with the black hole. We know a black hole is there because we can study the motion of luminous stars as they orbit in its powerful gravitational field; a star called S2 has now been followed through one complete orbit around Sgr A* ( Figure 5 ). The orbit is highly eccentric and accurately fitted by a Kepler ellipse, demonstrating that it is moving in the gravitational field of point mass.
A crucial distance from a black hole is the Schwarzschild radius, s r , interior to which light is trapped by the hole's gravitational field. For Sgr A* 7 s 10 r = km. The closest that
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S2 comes on its orbit is 10 2 10 × km, so although at this point it is moving at 6000kms -1 , relativistic effects are not large along this orbit.
S2 is one of the most luminous stars in a star cluster that surrounds Sgr A*, and it is young. It comes as a surprise to find young stars so close to Sgr A* because theory suggests that density inhomogeneities in a protostellar cloud could not grow into stars so near to a huge point mass. 
